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I. INTRODOCTION 

The overall goal of this investigatimi is to study the feasibility of ■odalimf 
the magnetic fields produced by certain electrical currents flowing in the earth *s 
ionosphere-BMgnetosphere system. Vector magnetic field Masurements from the near- 
polar orbiting Magsat satellite contain, in addition to the main geomagnetic field 
and crustal anomaly fields, contributions that arise from these external currents. 
In fulfilling the ultimate goals of the Magsat project, it is desirable that the 
external current effects be identified in the observations and subsequently sepa- 
rated from the internal field. The objective of this investigative effort will be 
to determine the capability of a modeling procedure to facilitate the separation 
of these external and internal components. 

The approach of this feasibility study shall be to develop forward modeling 
procedures through which the magnetic effects of model currents may be derived. 

It is intended to include, separately, the equatorial electrojet, currents, 
and the effects due to auroral zone and polar cap currents including the high 
latitude ionosphere-magnetosphere coupling currents. In each case candidate 
current systems will be devised and resulting 'typical' magnetic field signatures 
calculated for comparison with Magsat observations. 

II. ACCOMPLISHMENTS DURING REPORTING PERIOD 

1. Publications 

The technical article on the following pages was published during this re- 
porting period in the April, 1982 issue of Geophysical Research Letters . The 


findings of this article are a direct result of support under this contract. 
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A TBCHNIQUI FOB MODBUNO THB WUGMVm nKTUBBATOMM 
PHODUCED BY FIELO-AUGNBO CUBBINT 8Y8TBM8 
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Abatract . A eomiraiatieaal pneadura a iatroduaad for eakaladaf 
tba magnatie (Mds pr o duc a d by virtually any diatributad tyitam of 
ala etri e a leuiTMita. This proeaduia ia baiag andtad tothaniaiMiBcof 
macBatie ffotda imduead aaar tha aarth and oe itaturfaaa br horiaan- 
tal eurranta flearing ia Um ionoapbara aad by tba io<aitad BirkalaBd 
eurraata flaariag atoeg tba laoraagaatie fiald at hi^ nttgaatk lati- 
Mdat. Tbia rapart dtaeribat briafly tba priaeiidat that uadariia tba 
taabaiqua tad illMtratai tba rami ta obtaiaad whaa tba modal ia appliad 
to tht intarpratatioa id parturhatfoa (ialdt haing maaaurad by tba 
poiai^orbitiag raagnatie Haldt aatrilita (MAGSAT). Evaa for a vary 
simple aaauaiad eurraat diatributioo wo calculate magaatic field reaid- 
uala whoaa large icala fcatiuaa are similar to tboaa daduead from 
MAGSAT maaauramaata. A predomiaatoly raaarard magoetie partur* 
batioB ia obtaiaad ovar tlM ragioa poleward ti the Ragioa 1 eurraat 
syatam aa a natural eonaaquenea of balanced Ragioa 1 aad Ragioa Z 
eurranta. Tba modal pradkts the exiatanee of lowdatibido nugaetic 
rifoeta of aurwal currants that represent potential loureet of error for 
tpbarieal harmmie rapraaantatioM of tba geMnagnatie field. 

Introductiott 

Tba magnetic fiald maaaurad from aaar-earth orbit, although domi- 
nated by the earth’s main magnetic field, contains significant com- 
ponmta that arise from electrical currents flowing in the ionosphara- 
magaetosphera system. In particular, at high latitudes near the auroral 
oval, currents flowing parallel to the geomagnetic Held ms^r cause per- 
turbations in the locally meamred magnetic field in excess of 1500 nT 
directed primarily transverse to the main geomagnetic fleld. Such 
fiaid-aligned current signatures were first measured from satellite 
1963-38C aad reported by Zmuda et al. [1966, 1967]. Since that time 
magnetometers on a number of low-aititude satellites (TRIAD. ISIS. 
AE-C. S3-2) have bean used to infer the nature of the magnetic pertur- 
bationa arising from fwld-aiignad currents (e.g.. lijima and Potemra. 
1976a.b; Klumpar et at.. 1976; McOiarmid et al.. 1978a.b; Klumpar, 
1979; Bythrow etai., 1980, 1981: Doyle etal.. 1981: and others). In 1979 
a dedicated magnetic fields satellite was launched to make the flrst 
global vector survey of the geomagnetic field. 

The magnetic fields satellite. MAGSAT. was placed in a near-earth 
sun-synchronous orbit with the objectives of making precise magnetic 
field measurements to accurately describe the earth's main magnetic 
field and to map. on a global basis, the fields caused by sources in the 
earth's crust [Langei. 1979). It was recognised early in the program 
that the sensitive magnetometers would also measure the magnetic 
field produced by currents flowing in the ionosphere-magnetosphere 
system external to earth and that at some locations and times these 
external effects would even mask the crustal anomaly fields. 

Analyses of these exumaily caused magnetic perturbationa in terms 
of the responsible currenu have generally amumed a highly idealised, 
local system of paired, infinitely long, planar, parallel current sheets 
oriented perpendicular to the satellite trajectory. Kisabeth [1979] took 
a major step towards eliminating these restrictive geometrical as- 
sumptions by devising a computational technique to determine the 
magnetic perturbations that would arise from more general distribu- 
tions (rf currents. The present work represents a new effort to model the 
magnetic perturbations resulting from distributed electrical currenu 
flowing in space around the earth. To that end a method has been devel- 
oped for calculating the magnetic field at any point in space due to an 
assumed spatial distribution of electric currenu. This paper briafly 
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deseribss the eeaputatfog teetorigtia aad dlimssii sseersl lapeetat 
ameeta of tba ma^rntteperturbetieea that res ult ffoMa si s ap la lar ge 
scafo Birkalaad and iouMphirlc eurrsat syatam reaawihHng that pc» 
viomly daduead foam the large body ti nsarsai^ ■ ■ «gf ** T fiMd 
measutenisnts We rowclude (qr eampariiig s^Mtersa darhed firen 
MAGSAT m aa sur e m a nta with these prsdietad by the camput^aual 
tsehniqtta. 

Several aM>aett;rf the Geld partarhatiBMdafieedfoom As medelsd 
lar ge s e al s currant system raise quastfous about eemmenly accept e d 
interpretatioas of saMlita^iome aagaatk ebaervationa. tW are: 

1. ForabalaBeadBirfcdaadeurreatsystHniRwhidiallefthcfirid- 
aligned current eleees in the N-Sdirs et ie a b e twe e n the R i gi eU I 
and Region 8 field-aligned current aheata. there stllleuiitaaaua- 
ward-directed magnetie perturbatien in the tegien pelenurdof 
the Regioa 1 currents. 'Thua. contrary to socm iiiggsstlnns a 
polar “top-hat’ field distributien does net neeassarily imply a 
net field-aligned current in the Ration 1 current system. 

2. Significant magnetic Md p ert m r ba tions due to high latitude 
currents extend to lat i t u d e s well beiowthceenu ima llyase aeiat s d 
with the auroral xone. 

3. The existence of a positive perturbation ia the sunward com- 
ponent of the magnetie field over the polar cap does not require 
a cross polar cap current, but rather arises as a nauiral eons^ 
quence^a baiamed elassieal Regkm 1 aad Repon 2 Birkeiaad 
current system. 

The Field Modeling Technique 

The magnetie field computation teehniquo is based upon the additive 
properties of vector fiehfo. In general the field vector at a point in space 
is the veetm- sum of the vector eomponente aruing from all of the ele- 
mental field sources in the universe. In the present ease, the magnetie 
field St a point is computed by summing the contributions of all the 
assumed currenu that exist everywhere in space. The assumed current 
distribution is modeled by decomposing tlw actual current distribution 
into so arbitrary number finite length current elements. The tech- 
nique itself relMS upon the I'se ri an analytical expression for the mag- 
netic field of a straight current carrying filament having an extended 
and smoothly varying cross-sectional current density. The cross- 
sectional current density profile looks somewhat like a square wave 
puUe with rounded comers. The use of such a platykurtie distribution 
has been found to eliminate discontinuities that exist in a square wave 
representation and allows for easy calculation of the vector magnetie 
field St any point In the world space. 

The total current distribution to be calculstad is repraaented by an 
arbitrary number of these finite length current elements. Typically 
several hundred such current eiemenu are used to represent the hori- 
zontal and field-aligned current distribution over the high latitude 
ionosphere. By a suitable summation ot the field at each point due to 
the contributiona from all current elements, the magnetic field may 
be calculated anywhere, such on the earth’s surface or along a satellite 
orbit 

As an iilostration of the technique, we show in Figure 1 a simple, 
hypothetical. ionMpherie current distributfon that is characterised by 
dominant north-south currents. A large-scale eastward electrojet 
current flows from noon across the dusk hemisphere toward midnight 
while a westward electrojet current is directed through the dawn hemi- 
sphere from noon to midnight All currents are confined to a shell 
running between 60* and 76* latitude. This horisontai current system 
requires, for continuity, that there be accompanying field-aligned 
currents, which are shown in Figure 2. The circles represent the loca- 
tions of possible field-aligned current elements and the cross hatching 
represenu the direction and relative magnitude of the fieid-aligncd 
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DISTRIBUTION OF IONOSPHERIC CURRENTS 

Pifurtl. HithluittidtdiMributionofhontDnulioiiiapiMrtecurmiuplottad 
OR a latituda ««nus loeal timt cgordinaM grid. All boriaonul eummt ancon* 
strainad to flow inaid* a dtannal batwaan 60* and 76* latituda. 



IN 9 OUT 

distribution of field rlicneo currents 

Figun 2. Th* diatributiaa at fiaM-aiignad eumut* nquirod to maiataia 
currant eontiauity with th* horiaontai curraats ihowa ia Figun 1. 


current*. Vertical hatching depicts the pretence of an inward current, 
which ia seen to exist at low latitude* in the post-noon to midnight 
lector and at high latitude* in th* morning hemiapher*. Horiaontai 
hatching indicate* th* outward current at high latitude* on the evening 
hemisphere and at low latitude* in the morning hemisphere. These 
high and low latitude field-aligned currents represent the Region 1 
and Region 2 currents deduced by lijima and Potemra ( 1976a.b| from 
a study of the TRIAD data. 

In addition to th* sheet-like currents discussed above, the chosen 
horiaontai current distribution requires that there be an additional 
doamward current near noon and an upward current near midnighL 
These currenu partially feed into the eastward and westward electro- 
jets that flow acroH the dawn and dusk hemispheres in Figure 1. 

Th* primary question w* seek to answer is, what are th* magnetic 
fields produced by such a current system? Figure 3 displays th* results 
of th* computation in the upper three panels as latitude profile* of three 
components of th* magnetic field that would be measured at a satellite 
at 450 km altitude moving along th* dusk to dawn meridian. The cart- 
wheel plot at th* upper right depicts th* path along which the field 
IS computed. The bottom panel display* th* field-aligned current den- 
sity profile as a function of latitude along the satellite orbit, which, a* 
anticipated from th* previous figure, pass** through only th* classical 
Ragion2and Region I Birkelandcurrenta As expected, th* major per- 
turbation appear* in th* East-West component with thesteepest gradi- 
ents occurring at th* location of th* loeal field-aligned currents. 

Smaller, but still significant, magnetie fleld eontributiont are found 
in the region equatorward of the low latitude termination of current 
flow. Th* magnetic field strength at SO* latitude, a full 10* of latitude 
equatorward of th* auroral currents, are of th* order of 10 to 20 nT 
and decay only slowly with decreasing latitude. Th* presence of such 
mid-latitude magnetie effects in satellite measuremenu may. if not 
properly attributed to th* external current system, contribute to errors 
in a proper spherical harmonic repreamtation of the main magnetie 
field. Concentrating now on latitude* poleward of the high latitude 
current*, it is apparent that there is again a significant magnetie per- 
turbation due to th* modeled currents. This so-called “polar top-hat' 
fleld perturbation is directed primarily sunward. This model shows 
that it anies as a natural consequence of a balanced current system in 
which th* upward and downward currenu along a meridian are equal. 


Such level shifts ohaervad in satellitt date have in th* past bean intar- 
pretad as evidence for a net fleld-alignad current in th* Ration 1 system 
[Sugiuraand Potemra. 1976]. or as a rasult of croas polar cap currants 
(Fuji! at al.. IMl). Finally, w* noM that th* modelad currenu also pi^ 
due* a notable perdirbation in th* vertical component of B. Such an 
effect has been detected in th* MAGSAT data. 
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Figur* 3. Coinputsd latituda prsfila* at tha vaetor magnatie flaid partur- 
hation* that would b* ah a ar v ad by a magnaiofflaiar on a satalliM movin; Along 
th* dusk -dawn mandisn at 480 km aititudaaaaraaultof thacurranushewii in 
Figuis* 1 and 3. 
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!■ 4 m ih wn. hr tto iin owrwl itettutiM. tlw aMt» 

Bilit flild pio^ii ilMC A tMMwiM dlflMPMt wM vteiii tiM miittli 

PMM M Um daydi* af tte patak Tto flMta telant ol tiM mMMtte 

i& IBa i<a— i»— ai*l— 

priaarp dlttifaaaa Map a nte^aa ia «««p*'* "la af tka N*S aaaB 
paaaataaiaw<iaalBta(tliaE-Wpraffia.aathaaataUitaaakaaaBara 
aMlqaa paa thraoi^ Um eurraat apataai. 

Aithaa^ aaty prafilaa tt laiaUlM altitada ha«a baaa tkawa. tka 
naiallap pnaadora iaaerHiai ban alao aUoan tka (Mi eaeapoaaati 
to ba eateulatad aa tka MirilMa a( tka aartk. Saak a aaeial wtU parmlt 
hiftlitf ttadtfitBMlii^r of tbt owtonul loiupoii 9i tte nMfBOlic IMdi 
maanirad oa tka grauad aad in tpaea aad. ia partkular.of tkacoaMaa 
magaataapharia>iaaaMkaro riaetrieal eirauit 

Compartaoa with UAG3AT Data 

From tka vaetor mapiiatie iw a aaur a man ta mada bjr IIAGSAT it ia 
poaaibla to dariva a diflironea fWd bp aubtraatiny a modal r a pr aa aa 
tatioa of tkaaaith’i raaia mafBotia fiiM kmn tka maaaiifad ti^ Thia 
diffarmaa floM if praaomabiy tka rtottltaat parturbatioa that ariaaa 
from tka eombiaad ^leti of mttMmaUy praduead ^Idf diM to eniTMim 
in apoea and indaaad ia tka aartk. crnstai anaottliaa, Md ineavraeiaa 
in tka mkarieai terraonia modal iMMontation of tka aora fMd. If in 
tka first approximation wa ehaoaa to ipnara tka lattar two eootribu- 
tin— tetha iji ffi iy iief f^ifU^ ffa ^iffthByBrttmill.ind jBoninoBi t o o dj r 
atata axtamal eurrant ayatam. thadUtarmca fMd will rapraaantoaly 
tka affaatatrfaztamai currants. FipuraSakawsauchadifiiironfafMd 
for a dusk to da«m MAGSAT pass o*ar tka nortkam latitudaa on 
Novmibar 13. 1979. In producinp this diffaranea fMd a thirtaontk 
dacraaaadordaraphartcal harmonia rapraaantation of tka main may 
natie fiald raforrad to as tka MOST (6/80) modai (Langtl at aL. 1980] 
was usad. For this orbit tka aatailita paaaaa just to tka daysida of tka 
dusk to dawn maridian. Tka iartast daviationa foam tka modal up to 
950 nT in tka East-West component occur as the aatailita paaaaa oaar 
tha dusk auroral oval ba t w a a n 10:56 and 10-A9 UT. A deviation of 
approximately ona-third of tha E-W etunponant is also present in tha 
N-S cwnponant Furtharmora tha N-S component has a 130 nT resid- 
ual deviation extending down below 41* geographic latitude. Tha 
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figurt 4. Similar to Fi|ura3(orssatolliwerbitpai4inf m thadarttdtoftho 
dusii.dawii nwndiaa ■■ ihewn in the upper right hand corner. 
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ofLaagaiotalllMPl 


abam>caefwiehalew-latitada r aai dunl inthaE-Wcem p ana nt iaaa m a 
what at varianea with the prsdictioM of tka modal diammad in the 
praviaus aaetiao. Two pearibla anplanationa may aaaaiiM for this vnrt- 
anca. Tka first is ttat tha anreral eurrant modal diaeuaaad ia tka pra- 
vious aaetian may not accurately portray tka rani eurrana during this 
pass, and that tha rani currant omam is produeiiv no E-W field eam- 
ponant at low latitude. A aaoo^ peariUlity is that the 13th ardor 
spherical harmonic axpaniaon baa been contaminated ly tka lew lati- 
tuda fMifo duo to polar eurmts and as a ranalt hM thaaa ^foeta built- 
in u a port of the main gaomagnetic field. Tha actual raaaitttion of tka 
discrepancy may rest in aoma co m b in ati on of tkasa taro paasibilitias 
and will bo one ^ tka objoctivas further modaliM tfbm 
Further eompariaoos af tbia MAGSAT difforanee plot with tbs per- 
turbatioaa calculated from tha aimpla modM and skawn ia Figun 4 
reveal groaa aimilaritiaa in tha large acala fontaras and mhatantinl 
diflarancas in dataila. Tha lattar arise from amnU-acala varMioai in 
tha actual eurrant aytam that were present durii« tka MAGSAT pass 
skawn in Figure 5 for which no attempt to modal has boon mada in tka 
eurrant dittributhm diaeuaaad Mra. This eampariaen aervas to illw- 
trua the compMcitiaa that eaitt in the rml Birkaiand currant ayatam. 

Conclusion 

A general caiculational procedure has bean dava l opad to compute 
tha magnetic field perturbations arising from distributad ionoapheric 
and ionoaphata-magnatospkera coupling curranta. A aimpiifiad eur- 
rant dfotribution has baan ehaaan to illustrate the technique and tha 
resulting magnetic part ur bntiena have bean eemparad to actual mag- 
netic perturbations m a a a ura d tram MAGSAT. The b a l an ea d Birkafond 
current system produces non-nagligibla low-iatitude magnetic field 
parturfaatians. A sunerard magnatie perturbation is also pr a du ea d at 
latitudes palaward M tha high ladtuda current sbost. 

Acknawladgreanta. This work waa nppertad undor Nationai Aar^ 
nautica and Space Administratien contract number NAS 5-88309. 

RMarancas 

Bythia*. P.F.. R.A. Meelia W.B. Hansen, and AA. Power. Siwultinseasebasr 
valieiis of (Md-alfonad earreMs aad pfosma drift valeeitias by Aunsapkam 
Exptsrer C. J. Goe pliys. ISk 1960. 

Bythrew. p.F~ RA. Hsriis, W.B Hansen. HA. Fewer, end AA. Heffmea, (}b- 
lerv ui e iiil ev i de a c a far e bea n d ar y layer leurw ef dayiida B a gi aa 1 fMd- 
elifned eerreats. XGa^ w tje^ M. 8677. 1961. 

Deyie. MA- FJ. fUeh. wJ.Bariie.asidll. S wi idd y . Flajd-iUcaedearrmtsaad 


ORIGINAL PAGE IS 

DE DfVhD mJALlTY 


JW 


Klufflptt tad urMR Hagaatw maiititi MiMiHiniruwimi 


i l i Hf k fl i M i i l iii t id la At natm M Mw di w ldt w a. J, 0 iit to i . Bti. it. 
tIM. IMl. 

« ■» f— » > ■» ■ Y — * ‘ 'T 

ItrtMeato Mrintand mmait, G ttpli w . Ktt, Uw» I, USI. INL 
llJUBt. Th tad TJl. Fmwfti Tht Sjiimidt dlttrSMa of flild illiatd «ir» 
watt ia mrtli tr a tti>i l i il t u d m bt w ft d byTXad. I G mo tn , 

itnt. 

tUlma. T.. Mid FMatm. PMdwllfBtd ctmatt la tlw <M i t> d « emp tb- 
wmd by Triad. I »• SWl- 

Ifliihtth, JXi. Oa daimItuwT Mafattk lad Vantr Pattadal FMda dua la 
lain 8iali Mtaanaaphirle Cimaai SyiMiM aad tadaeid Cunaatt la aa 
lafiaiuiy Caadttedag Earth, ia Quaatitttlva MadaUaa at Maaaataapharie 
(dilad ^ W.P. Oltaa. p. 473, Am. Gaophyv U nioa. Wuhincun! 

DC, inv, 

Klampar, D,M„ J,1L Barrawa. tad M,0, WUtaa, SimultaatMtt ohtM^Pttioaaal 
Bal^laaad tat ia att aad aaitkla flutaa ia tha aatt-a > i d a w h t tarta r , G iao liw , 
gaa.Latt- 3,mi>7t. 

Kltuapar. O.M„ Saiatiaatiupt ba t w a a a auroral partida diatribatiena tad mat* 
natk fltid parturbationa aaanriit a d with fiatd-tUgaad eurraaia, J. Gaoohn. 
Bit j4,d«Z4, 19T», 


UL, N aara trth i tit HItt i 


MAOIAT.I 




MM 


.muMi 


i U, PtMaaaaad CJL 1 

T, 1 

MafXarwM LB. JJL Banwra, aad ItO, wiiw, MapIBtlm | 

Mat ia MadtpaMa elaO aad thalf ralitliaililp ta Jw tMF, J, Qaaaiw. Bat . 

|jtsn»47it.idnt, 

MaPianiild, LB.i,B, B a r raai,aad MJ), Wl l ia a . Taa i ptr iiiaad ia ag a a titfl a l d 
par whati a ii a at hith Ittit adia wfth thtnad par^ tad IMF mmmtn- 
.lil-dM, ItTM. 


Sttgiatt, 


J. Gaaa ^ Bat- M l 
M.iaaT,A,nMBkrB 


J, C a o e h y a . Baa. SI, 218C, 19TB. 
ZaMM^AJTTfl^ltrt 


'A,FMaa>ra,AaatMld ttlnadiurpaatahaaraadhirTBlAD, 


ktrtia,aad F,T,lfatBriat,Traiia»araaniaanatlediawri)aaBaa 


at IIM kiiaaMiaia ia tha aararal r^taa, J, G aaa hw , Bat, n. SOU, 19BB, 
Zmudt. AJ. F.T. Maariiig, tad JJI, ifaftta, Dtyaida awaiiaciellituthaaaaa u 
1 100 kiloRMtan in tht turartl ovtL J. Gaophyt. Raa_ T% ILIS. 19BT, 


(Racalvad Nova^ar 18, 1981; 
accapcad Jantarr 3, 1982.) 
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2. Field Modeling 

Previous quarterly status reports have chronicled the developaent of a 
modeling technique to describe the magnetic perturbations produced at satellite 
orbit by an assumed ionospheric and Birkeland current system. This modeling 
routine is currently undergoing verification testing of its component subroutines. 

Our modeling capability now allows us to make direct comparisons between model 
predictions and actual Magsat perturbations by additional software that allows us to 
calculate along an actual Magsat orbit the magnetic perturbations that would be 
seen at the satellite for an assumed current distribution. This gives us the 
capability for direct comparison between measured and predicted perturbations fields. 

By successive iteration of the input current system the current distribution that 
yields the best fit between the meas’xred and predicted magnetic perturbations can 
be determined. 

3. Other Activities 

During this quarter permission to extend, at no additional cost, the performance 
period of this contract by 4-months, through November 15, 1982 was granted. 

III. PROBLEMS ENCOUNTERED AND RECOMMENDATIONS 

The problem discussed in the last two quarterly reports has now been solved with 
no far-reaching impact to this investigation. 

IV. PLANS FOR NEXT REPORTING INTERVAL 

The primary goal of this investigative effort is to develop field modeling 
techniques for the near-earth magnetic field arising from external currents. Such 
development cannot successfully be carried out without concomitant study and analysis 
of the actual Magsat data. Hence again during the forthcoming quarter continuing 
emphasis will be placed on the use of Magsat data to guide our selection of input 
current systems for direct comparison between predicted magnetic perturbations, and 
those derived from the Magsat data. To this end we have initiated production proces- 
sing to determine the magnetic perturbations for a large number of Magsat passes over 
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polar latitudes (A^^SO* ) for both northern and s^hem hrais]diere. IMs pr^MS^ 
will c(mtinue during the next reporting period. 

The linear elenent field Modeling procedure will continue to toidergo testing 
ring the next reporting period. The emphasis will be placed upon utilizing the 
flexibility built into the software to choose diverse sets of initial current cmfi- 
gurations. One such current configuration is being provided by the Alaska groi^, idiich, 
under the direction of S.-I. Akasofu, has been using the Kisabeth techniqtM to model 
the current distributions that produce magnetic perturbations in the observations 
from a meridian chain of magnetometers located in Alaska. Using our modeling 
procedure we will compute the Birkeland currents required for current continuity 
and then confute the resulting magnetic perturbations expected both on the ground 
and at satellite altitude. Direct comparison between our predicted ground level 
perturbations and their initial input data will permit an assessment of the validity 
of the modeling technique. 

V. FUNDS EXPENDED 

The total expenditure of funds under this contract through the end of this 
reporting period (June 30, 1982) is estimated to be $50,600.00. 


